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(54) STARTING CONTROL DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve starting performance 
at a cold time of an engine by controlling an actual compression 
ratio. 

SOLUTION: This device is provided with a variable valve gear 
mechanism for varying and controlling an intake valve closing 
timing and a variable compression ratio mechanism for varying 
and controlling a compression ratio &epsi;. The variable valve 
gear mechanism is constituted of a lift/operating angle varying 
mechanism capable of continuously enlarging/reducing a 
lift/operating angle of the intake valve and a phase varying 
mechanism for changing a lift center angle O. At an initial time 
of cranking, the actual compression ratio is lowered by 
quickening the intake valve closing timing, making the lift/ 
operating angle small, and cranking rotating speed is quickly 
raised. After the cranking rotating speed is raised, the center 
angle <D is lagged, the actual compression ratio is enhanced 
together with the high compression ratio &epsi; at the time, and 
an intake air temperature is raised. As a result, an initial 
explosion is surely led to start the engine. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The starting control unit of the internal combustion engine characterized by to control the real 
compression ratio under cranking the optimal in the internal combustion engine which has the good 
fluctuation valve means which carries out adjustable control of the closed stage of an internal combustion 
engine's inlet valve, and the compression ratio control means which carries out adjustable control of an 
internal combustion engine's compression ratio by modification of a piston location so that starting nature 
becomes high with the combination [ control means / above-mentioned / the above-mentioned good 
fluctuation valve means and / compression ratio ] of control at the time of engine starting. 
[Claim 2] It is the starting control unit of the internal combustion engine according to claim 1 characterized 
by controlling the above-mentioned compression ratio control means to set up a compression ratio low and 
to raise a compression ratio after cranking initiation the early stages of cranking. 

[Claim 3] The starting control unit of the internal combustion engine according to claim 1 or 2 characterized 
by controlling the above-mentioned compression ratio control means so that the peak price of the 
compression ratio under cranking at the time of an engine cold start may become higher than the peak price 
of the compression ratio under cranking after warming up. 

[Claim 4] It is the starting control unit of the internal combustion engine according to claim 1 to 3 
characterized by controlling the above-mentioned good fluctuation valve means to set up so that an 
inhalation-of-air valve-closing time term may separate from a bottom dead point, and to bring an inhalation- 
of-air valve-closing time term close to a bottom dead point after cranking initiation the early stages of 
cranking. 

[Claim 5] The above-mentioned compression ratio control means is the starting control unit of the internal 
combustion engine according to claim 1 to 4 characterized by being constituted so that it may consist of a 
double link type piston-crank chain and the reciprocating motion of the piston to rotation of a crankshaft 
may serve as a stroke property near simple-harmonic-motion movement. 

[Claim 6] the above-mentioned good fluctuation valve means the lift and actuation angle of an inlet valve 
— coincidence — and — continuous ~ expansion and contraction — the starting control unit of the internal 
combustion engine according to claim 1 to 5 characterized by being controlled so that it has controllable lift 
and actuation angle adjustable device and the lift and actuation angle of the above-mentioned inlet valve 
serve as smallness at the time of an engine cold start. 

[Claim 7] the above-mentioned good fluctuation valve means — the lift of an inlet valve — the phase 
adjustable device which the phase of a central angle is made to **** — having — the time of an engine cold 
machine - the lift of the above-mentioned inlet valve — the starting control unit of the internal combustion 
engine according to claim 1 to 6 characterized by being controlled so that a central angle carries out a lag. 
[Claim 8] the above-mentioned good fluctuation valve means — the lift and the actuation angle of an inlet 
valve — coincidence — and — continuous — expansion and contraction — the both sides of controllable lift 
and actuation angle adjustable device, the above-mentioned phase adjustable device, and ** — having — 
above-mentioned lift and actuation angle — corresponding — the conditions that this lift and actuation angle 
is small ~ the above-mentioned lift — the starting control unit of the internal combustion engine according to 
claim 7 characterized by making it increase the lag of a central angle. 

[Claim 9] The above-mentioned compression ratio control means is the starting control unit of the internal 
combustion engine according to claim 1 to 8 characterized by being constituted including the 3rd link 
supported by the engine body rockable while connecting with the 1 st link connected with the above- 
mentioned piston through the piston pin, the 2nd link connected with the crank pin section of a crankshaft 
pivotable while connecting with this 1st link rockable, and the 2nd link of the above rockable. 
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[Claim 1 0] The starting control unit of the internal combustion engine according to claim 9 characterized by 
performing adjustable control of a compression ratio by changing the supporting-point location to the engine 
body of the 3rd link of the above according to an engine service condition. 

[Claim 11] The eccentric cam by which the rotation drive of the above-mentioned lift and actuation angle 
adjustable device is carried out with a driving shaft, the periphery of this eccentric cam — relativity — with 
the rotatable control axis which was prepared in the link arm which fitted in pivotable, the above-mentioned 
driving shaft, and parallel, and was equipped with the eccentric-cam section While being supported by the 
rocker arm with which the eccentric-cam section of this control axis is equipped pivotable and which is 
rocked by the above-mentioned link arm, and the above-mentioned driving shaft pivotable The rocking cam 
which presses the tappet of an inlet valve by connecting with the above-mentioned rocker arm through a 
link, and rocking in connection with this rocker arm, Preparation ******, the starting control unit of the 
internal combustion engine according to claim 6 or 8 characterized by being constituted so that the lift and 
actuation angle of an inlet valve may carry out increase and decrease of change at coincidence by changing 
the rotation location of the eccentric-cam section of the above-mentioned control axis. 
[Claim 12] The above-mentioned phase adjustable device is the starting control unit of the internal 
combustion engine according to claim 7 or 8 characterized by being constituted including the device in 
which the phase of the cam sprocket by which a rotation drive is carried out with the above-mentioned 
crankshaft through a chain or a timing belt, the cam shaft in which a rotation drive is carried out by this cam 
sprocket, and the above-mentioned cam sprocket and the above-mentioned cam shaft is changed. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the starting disposition top technique at the time of the low 
temperature of the gasoline engine having the good fluctuation valve means which can carry out adjustable 
control of the closed stage of an inlet valve especially, and the compression ratio control means which 
carries out adjustable control of an internal combustion engine's compression ratio (the nominal 
compression ratio epsilon) about the starting control unit which improves starting nature at the time of an 
internal combustion engine's low temperature. 
[0002] 

[Description of the Prior Art] these people — previously — the lift and actuation angle of an inlet valve — 
continuous — expansion and contraction — the controllable good fluctuation valve system is proposed (for 
example, reference, such as JP,1 1-107725,A and JP,1 1-324625, A), and the good fluctuation valve system 
which obtained the degree of freedom with a large lift property is further proposed combining the device 
made [ the phase of the central angle of a lift ] to ****. 

[0003] Moreover, as a reciprocating type internal combustion engine's adjustable compression ratio device, 
the thing using the piston-crank chain of a double link type is proposed in recent years as indicated by 
JP,2000-73804,A. 
[0004] 

[Problem(s) to be Solved by the Invention] - Not only the temperature of the inhalation air which flows in a 
cylinder is low, but at the time of the very low temperature of 40 degrees C, since the temperature of the 
structure which constitutes combustion chambers, such as a piston and a cylinder, is also low, the maximum 
temperature at the time of compression falls sharply. In addition, since it becomes inadequate [ evaporation 
of a fuel, and atomization ], formation of gaseous mixture also gets worse. Furthermore, at the time of such 
low temperature, generally the capacity of a mounted dc-battery is declining, and since the viscosity of oil is 
also high, rotation of cranking by the starter motor does not go up easily. It is the factor from which this also 
prevents prompt starting. 

[0005] As opposed to the starting nature aggravation at the time of such very low temperature Although a 
means to add a certain energy in a direct cylinder, the means which equips a suction port with a heater and 
raises an intake-air temperature are already put in practical use in order to raise the temperature in a cylinder 
like the inhalation-of-air control valve which promotes atomization of a fuel, and the glow plug used with 
the Diesel engine Fundamentally, it becomes the important point how whenever [ mixed atmospheric 
temperature / at the time of the ignition in a compression top dead center ] is raised. 

[0006] And it is required for an essential target to raise a compression ratio, especially a real compression 
ratio for the rise of whenever [ this mixed atmospheric temperature ]. 

[0007] This invention aims at raising the starting nature at the time of starting nature division low 
temperature with the combination [ means / to influence at the closed stage of the inlet valve which 
influences a real compression ratio / the compression ratio control means which carries out adjustable 
control of an internal combustion engine's geometric compression ratio epsilon, i.e., the nominal 
compression ratio, and / good fluctuation valve ] of control. 
[0008] 

[Means for Solving the Problem] A good fluctuation valve means by which the starting control unit of the 
internal combustion engine concerning claim 1 carries out adjustable control of the closed stage of an 
internal combustion engine's inlet valve, In the internal combustion engine which has the compression ratio 
control means which carries out adjustable control of an internal combustion engine's compression ratio (the 
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nominal compression ratio epsilon) by modification of a piston location It is characterized by controlling the 
real compression ratio under cranking by combination [ control means / above-mentioned / the above- 
mentioned good fluctuation valve means and / compression ratio ] of control the optimal at the time of 
engine starting, so that starting nature becomes high. 

[0009] For example, although a pumping loss can be reduced in an idle or a partial load region by bringing 
forward an inhalation-of-air valve-closing time term rather than a bottom dead point, if an internal 
combustion engine's nominal compression ratio is fixed, a real compression ratio will fall by bringing 
forward an inhalation-of-air valve-closing time term rather than a bottom dead point. So, also in 
consideration of fluctuation of the real compression ratio by the inhalation-of-air valve-closing time term, a 
good fluctuation valve means and a compression ratio control means are controlled by this invention so that 
the real compression ratio under cranking becomes the optimal on starting nature. 

[0010] A compression ratio is set up low the early stages of cranking, and the above-mentioned compression 
ratio control means is controlled by invention of more concrete claim 2 to raise a compression ratio after 
cranking initiation. 

[001 1] That is, if the nominal compression ratio epsilon is high, the rotational frequency of cranking by the 
starter motor will tend to become low. Since it will not result in first ** even if it lights gaseous mixture if a 
cranking rotational frequency is low, in early stages, priority is given to the rise of a cranking rotational 
frequency. A cranking rotational frequency tends to rise by making a compression ratio low in early stages 
of cranking like this claim 2. And a real compression ratio also rises and the rise of whenever [ mixed 
atmospheric temperature ] can be aimed at because a cranking rotational frequency raises a compression 
ratio in the phase which went up to some extent. 

[0012] Invention of claim 3 is characterized by controlling the above-mentioned compression ratio control 
means so that the peak price of the compression ratio under cranking at the time of an engine cold start may 
become higher than the peak price of the compression ratio under cranking after warming up. 
[0013] By raising a compression ratio relatively at the time between the colds, a real compression ratio also 
rises and the starting nature at the time between the colds improves. 

[0014] Invention of claim 4 is characterized by controlling the above-mentioned good fluctuation valve 
means to set up so that an inhalation-of-air valve-closing time term may separate from a bottom dead point, 
and to bring an inhalation-of-air valve-closing time term close to a bottom dead point after cranking 
initiation the early stages of cranking. If an inhalation-of-air valve-closing time term is detached and set to a 
lag or tooth-lead-angle side from a bottom dead point in early stages of cranking, even if it has raised the 
compression ratio (the nominal compression ratio epsilon), the so-called decompression-device operation to 
which a real compression ratio falls and which reduces the compression under cranking will be acquired. 
Therefore, as mentioned above, a cranking rotational frequency rises. And if an inhalation-of-air valve- 
closing time term is brought close to a bottom dead point after cranking initiation, a real compression ratio 
will rise. 

[0015] In invention of claim 5, the above-mentioned compression ratio control means is constituted so that it 
may consist of a double link type piston-crank chain and the reciprocating motion of the piston to rotation of 
a crankshaft may serve as a stroke property near simple-harmonic-motion movement. Thus, although it 
becomes advantageous in respect of the stroke property near simple-harmonic-motion movement, then noise 
vibration of course, the piston speed near a top dead center becomes loose about 20% especially compared 
with a general simple link type piston-crank chain. This is effective, when an early flame nucleus is 
generated under the condition that the rate of combustion like [ at the time of a cold machine ] is slow, and it 
grows up especially, and time amount allowances will be given greatly and combustion is stabilized. 
[0016] invention concerning claim 6 — setting ~ the above-mentioned good fluctuation valve means — the 
lift and actuation angle of an inlet valve — coincidence — and — continuous — expansion and contraction — it 
has controllable lift and actuation angle adjustable device, and it is controlled so that the lift and actuation 
angle of the above-mentioned inlet valve serve as smallness at the time of an engine cold start. 
[0017] moreover, invention concerning claim 7 — setting — the above-mentioned good fluctuation valve 
means — the lift of an inlet valve — the phase adjustable device which the phase of a central angle is made to 
****__ having — the time of an engine cold machine ~ the lift of the above-mentioned inlet valve — it is 
controlled so that a central angle carries out a lag. 

[0018] In invention of claim 8 which limited invention of this claim 7 further the above-mentioned good 
fluctuation valve means — the lift and actuation angle of an inlet valve — coincidence — and — continuous — 
expansion and contraction — with controllable lift and actuation angle adjustable device the both sides of the 
above-mentioned phase adjustable device and ** — having — the above-mentioned lift and actuation angle — 
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corresponding — the conditions that this lift and actuation angle are small — the above-mentioned lift — it is 
characterized by making it increase the lag of a central angle. 

[0019] namely, — while making a lift and an actuation angle small « a lift ~ by carrying out the lag of the 
central angle, an inhalation-of-air valve-closing time term, it approaches near the bottom dead point and a 
real compression ratio rises. Moreover, after an inhalation-of-air valve-opening stage comes to be late for a 
top dead center and negative pressure develops into coincidence in the first half of a charging stroke, an inlet 
valve begins to open by the small lift, therefore — since inhalation of air flows in a cylinder at acoustic 
velocity and a fuel and air flow at high speed — gaseous mixture — it is very advantageous to formation and 
atomization and evaporation are promoted. Moreover, finally, since such rate-of-flow energy is changed into 
heat energy, it is effective in raising an intake-air temperature. Therefore, by raising the geometric 
compression ratio epsilon to coincidence, whenever [ mixed atmospheric temperature / of a compression top 
dead center ] goes up to sufficient temperature, and results in first **. 

[0020] The above-mentioned compression ratio control means is constituted like claim 9 including the 1 st 
link connected with the above-mentioned piston through the piston pin, the 2nd link connected with the 
crank pin section of a crankshaft pivotable while connecting with this 1st link rockable, and the 3rd link 
supported by the engine body rockable while connecting with the 2nd link of the above rockable. In such a 
double link type piston-crank chain, the stroke property near simple-harmonic-motion movement which was 
mentioned above can be easily acquired by setting up the alignment of each link or the supporting point 
appropriately. 

[0021] And this configuration can perform adjustable control of a compression ratio, for example like claim 
1 0 by changing the supporting-point location to the engine body of the 3rd link of the above according to an 
engine service condition. That is, with change of the supporting-point location of the 3rd link, the piston 
location in a piston top dead center changes, and the nominal compression ratio epsilon changes. 
[0022] The above-mentioned lift and actuation angle adjustable device For example, the eccentric cam by 
which a rotation drive is carried out with a driving shaft like claim 1 1 , the periphery of this eccentric cam — 
relativity - with the rotatable control axis which was prepared in the link arm which fitted in pivotable, the 
above-mentioned driving shaft, and parallel, and was equipped with the eccentric-cam section While being 
supported by the rocker arm with which the eccentric-cam section of this control axis is equipped pivotable 
and which is rocked by the above-mentioned link arm, and the above-mentioned driving shaft pivotable The 
rocking cam which presses the tappet of an inlet valve by connecting with the above-mentioned rocker arm 
through a link, and rocking in connection with this rocker arm, By changing the rotation location of the 
eccentric-cam section of preparation ****** and the above-mentioned control axis, it is constituted so that 
the lift and actuation angle of an inlet valve may carry out increase and decrease of change at coincidence. 
[0023] Moreover, the above-mentioned phase adjustable device is constituted including the device in which 
the phase of the cam sprocket by which a rotation drive is carried out with the above-mentioned crankshaft 
through a chain or a timing belt, the cam shaft in which a rotation drive is carried out by this cam sprocket, 
and the above-mentioned cam sprocket and the above-mentioned cam shaft is changed like claim 12. 
[0024] 

[Effect of the Invention] According to the starting control unit of the internal combustion engine concerning 
this invention, since the real compression ratio under cranking is controlled the optimal combining 
adjustable control of an inhalation-of-air valve-closing time term, and adjustable control of a compression 
ratio, the gas temperature in a cylinder can be highly secured, for example at the time of very low 
temperature, and high starting nature can be obtained. 

[0025] Especially according to claims 2-4, a cranking rotational frequency can fully be raised at the time of 
the very low temperature to which dc-battery capacity falls, and can be started much more certainly at it. 
[0026] Furthermore, if it be make for the double link type piston-crank chain which constitute a 
compression ratio control means like claim 5 to serve as a stroke property near simple harmonic motion 
movement, since the piston speed near a top dead center become loose compared with a general simple link 
type piston-crank chain, at the time of a cold machine with the slow rate of combustion, growth of an early 
flame nucleus can become possible enough, and combustion can be stabilize. 
[0027] 

[Embodiment of the Invention] Hereafter, the gestalt of desirable implementation of this invention is 
explained to a detail based on a drawing. 

[0028] Drawing 1 shows one example of the starting control unit of the internal combustion engine 
concerning this invention. This starting control unit is equipped with the good fluctuation valve system 101 
for carrying out adjustable control of the inhalation-of-air valve-closing time term, and the compression 
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ratio adjustable device 102 which carries out adjustable control of an internal combustion engine's nominal 
compression ratio epsilon. 

[0029] Drawing 2 is the configuration explanatory view showing the configuration of the above-mentioned 
good fluctuation valve system 101, in the phase (phase to a crankshaft) of the lift and the actuation angle 
adjustable device 1 in which the lift and actuation angle of an inlet valve 12 are changed, and the central 
angle of that lift, a tooth lead angle or the phase adjustable device 2 which carries out a lag, and ** are put 
together, and this good fluctuation valve system is constituted. 

[0030] First, the explanatory view of drawing 3 of operation is combined, and a lift and the actuation angle 
adjustable device 1 are explained. In addition, for example by JP,1 1-107725,A etc., although these people 
propose previously, since this lift and actuation angle adjustable device 1 are well-known, it explains only 
that outline. 

[003 1] The driving shaft 13 of the shape of hollow supported free [ rotation ] by the cam bracket with which 
the cylinder head 51 upper part does not illustrate a lift and the actuation angle adjustable device 1, The 
eccentric cam 15 fixed to this driving shaft 13 by press fit etc., and the control axis 16 arranged in parallel 
with a driving shaft 1 3 while being supported free [ rotation ] with the same cam bracket as the upper part 
location of the above-mentioned driving shaft 13, It has the rocker arm 18 supported by the eccentric-cam 
section 17 of this control axis 16 free [ rocking ], and the rocking cam 20 which contacts the tappet 19 
arranged at the upper limit section of each inlet valve 12. The above-mentioned eccentric cam 15 and the 
rocker arm 1 8 are coordinated by the link arm 25, and the rocker arm 1 8 and the rocking cam 20 are 
coordinated by the link member 26. 

[0032] The above-mentioned driving shaft 13 is driven with an engine's crankshaft through a timing chain or 
a timing belt so that it may mention later. 

[0033] While the above-mentioned eccentric cam 15 had the circular peripheral face and the core of this 
peripheral face has offset only the specified quantity from the axial center of a driving shaft 13, annular 
section 25a of the link arm 25 has fitted into this peripheral face pivotable. 

[0034] The upper limit section of the above-mentioned link member 26 has coordinated it with the other end 
while the abbreviation center section is supported by the above-mentioned eccentric-cam section 1 7 and 
extension 25b of the above-mentioned link arm 25 has coordinated the above-mentioned rocker arm 18 with 
the end section. Eccentricity of the above-mentioned eccentric-cam section 17 is carried out from the axial 
center of a control axis 16, therefore the center of oscillation of a rocker arm 18 changes according to the 
angular position of a control axis 16. 

[0035] The above-mentioned rocking cam 20 fits into the periphery of a driving shaft 13, and is supported 
free [ rotation ], and the lower limit section of the above-mentioned link member 26 has coordinated it with 
edge 20a prolonged to the side. Cam side 24b and ** which draw a predetermined curve from this base 
circle surface 24a to a driving shaft 13, base circle surface 24a which makes concentric radii, and the above- 
mentioned edge 20a, and are prolonged are continuously formed in the inferior surface of tongue of this 
rocking cam 20, and these base circle surface 24a and cam side 24b contact the top face of a tappet 19 
according to the rocking location of the rocking cam 20. 

[0036] That is, as it is the section when the amount of lifts is set to 0 as the base circle section and is shown 
in drawing 3 , when the rocking cam 20 rocks and cam side 24b contacts a tappet 1 9, the lift of the above- 
mentioned base circle surface 24a will be carried out gradually. In addition, some lamp section is prepared 
between the base circle section and the lift section. 

[0037] As shown in drawing 1 and 2, the above-mentioned control axis 16 is constituted so that it may rotate 
by predetermined include-angle within the limits with the lift and the actuator 3 1 for actuation angle control 
formed in the end section. The hydraulic pressure supply to this lift and actuator 31 for actuation angle 
control is controlled by the 1st oil pressure control section 32 based on the control signal from the engine 
control unit 33. 

[0038] If an operation of this lift and actuation angle adjustable device 1 is explained and a driving shaft 13 
will rotate, according to a cam operation of an eccentric cam 15, the link arm 25 will move up and down and 
a rocker arm 1 8 will rock in connection with this. Rocking of this rocker arm 1 8 is transmitted to the rocking 
cam 20 through the link member 26, and this rocking cam 20 rocks it. A tappet 19 is pressed by cam 
operation of this rocking cam 20, and an inlet valve 12 carries out a lift according to it. 
[0039] Here, if the include angle of a control axis 16 changes through a lift and the actuator 31 for actuation 
angle control, the initial valve position of a rocker arm 18 will change, as a result the initial rocking location 
of the rocking cam 20 will change. 

[0040] For example, supposing the eccentric-cam section 1 7 is located upwards like drawing 3 (A), a rocker 
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arm 1 8 is located upwards as a whole, and will be in the condition that edge 20a of the rocking cam 20 was 
able to pull up upwards relatively. That is, the initial valve position of the rocking cam 20 inclines in the 
direction in which the cam side 24b separates from a tappet 19. Therefore, when the rocking cam 20 rocks 
with rotation of a driving shaft 13, the period when base circle surface 24a continues contacting a tappet 19 
for a long time at, and cam side 24b contacts a tappet 19 is short. Therefore, the amount of lifts becomes 
small as a whole, and it reduces, the include-angle range, i.e., the actuation angle, from the open stage to a 
closed stage. 

[0041] On the contrary, supposing the eccentric-cam section 17 is located below like drawing 3 (B), a rocker 
arm 1 8 is located below as a whole, and will be in the condition that edge 20a of the rocking cam 20 was 
depressed below relatively. That is, the initial valve position of the rocking cam 20 inclines in the direction 
in which the cam side 24b approaches a tappet 19. Therefore, when the rocking cam 20 rocks with rotation 
of a driving shaft 13, the part in contact with a tappet 19 shifts to cam side 24b immediately from base circle 
surface 24a. Therefore, the amount of lifts becomes large as a whole, and the actuation angle is also 
expanded. 

[0042] Since the initial valve position of the above-mentioned eccentric-cam section 17 may be changed 
continuously, in connection with this, a valve-lift property changes continuously, as shown in drawing 4 . 
That is, a lift and an actuation angle can be made to expand and reduce to both coincidence continuously. In 
addition, in this example, the open stage and closed stage of an inlet valve 12 change to the symmetry 
mostly with size change of a lift and an actuation angle. 

[0043] next, the actuator 36 for phase control made to rotate relatively the sprocket 35 prepared in the front 
end section of the above-mentioned driving shaft 13, this sprocket 35, and the above-mentioned driving 
shaft 13 to predetermined include-angle within the limits as the phase adjustable device 2 is shown in 
drawing 2 - since — it is constituted. The above-mentioned sprocket 35 is being interlocked with the 
crankshaft through the timing chain or timing belt which is not illustrated. The hydraulic pressure supply to 
the above-mentioned actuator 36 for phase control is controlled by the 2nd oil pressure control section 37 
based on the control signal from the engine control unit 33. by the oil pressure control to this actuator 36 for 
phase control, a sprocket 35 and a driving shaft 13 rotate relatively, and it is shown in drawing 5 — as — a 
lift — a central angle ****. that is, the ** which the curve of a lift property itself does not change — the 
whole — a tooth lead angle — or a lag is carried out. Moreover, this change can also be obtained 
continuously. Various configurations, such as what was not restricted to a hydraulic thing but used the 
electromagnetic actuator as a phase adjustable device 2, are possible. 

[0044] In addition, the sensor which detects a lift and an actual actuation angle, or an actual phase as control 
of a lift, the actuation angle adjustable device 1, and the phase adjustable device 2 is formed, and it may be 
made to carry out closed loop control, or may only be made to carry out open loop control according to a 
service condition. 

[0045] Drawing 6 is drawing showing the configuration of the adjustable compression ratio device 102. 
[0046] The crankshaft 51 is equipped with two or more journal sections 52 and crank pin sections 53, and is 
supported by the main bearing of a cylinder block 50 free [ rotation of the journal section 52 ]. Specified 
quantity eccentricity of the above-mentioned crank pin section 53 is carried out from the journal section 52, 
and the lowerlink 54 used as the 2nd link is connected here free [ rotation ]. 

[0047] While the above-mentioned lowerlink 54 is constituted by two members on either side possible 
[ division ], the above-mentioned crank pin section 53 has fitted into the communicating pore of the center 
of abbreviation. 

[0048] A lower limit side is connected with the end of a lowerlink 54 rotatable by the connection pin 56, 
and, as for the upper link 55 used as the 1st link, the upper limit side is connected with the piston 58 
rotatable with the piston pin 57. The above-mentioned piston 58 receives a firing pressure, and reciprocates 
the inside of the cylinder 59 of a cylinder block 50. In addition, the above-mentioned inlet valve 12 and the 
exhaust valve which is not illustrated are arranged in the upper part of the above-mentioned cylinder 59. 
[0049] An upper limit side is connected with the other end of a lowerlink 54 rotatable by the connection pin 
61, and the control link 60 used as the 3rd link is connected with the lower part of the cylinder block 50 with 
which a lower limit side becomes some engine bodies through a control axis 62 rotatable. In detail, while the 
control axis 62 is supported by the engine body pivotable, it had eccentric-cam section 62a which is carrying 
out eccentricity from that center of rotation, and the above-mentioned control link 60 lower-limit section has 
fitted into this eccentric-cam section 62a pivotable. 

[0050] A rotation location is controlled by the compression ratio control actuator 63 using [ the above- 
mentioned control axis 62 ] the electric motor based on the control signal from the engine control unit 33 

http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 8/14/2006 



JP,2002-276446,A [DETAILED DESCRIPTION] 



Page 6 of 8 



(refer to drawing 1 ). 

[0051] In the adjustable compression ratio device 102 using the above double link type piston-crank chains, 
if the above-mentioned control axis 62 rotates with the compression ratio control actuator 63, the center 
position of eccentric-cam section 62a and the relative position to an engine body will change especially. 
Thereby, the rocking support location of the lower limit of the control link 60 changes. And if the rocking 
support location of the above-mentioned control link 60 changes, the stroke of a piston 58 changes, and like 
drawing 8 , the location of the piston 58 in a piston top dead center (TDC) will become high, or will become 
low. This becomes possible to change an engine compression ratio. Although drawing 8 shows typically the 
high compression ratio condition and the low compression ratio condition, it can change a compression ratio 
continuously among these. 

[0052] Moreover, in the above-mentioned double link type adjustable compression ratio device 102, the 
piston-stroke property near simple harmonic motion as shown in drawing 7 is acquired by selecting a link 
dimension appropriately. Although the stroke property near this simple harmonic motion is advantageous 
also on the oscillating noise, the piston speed near a top dead center becomes loose just over or below 20% 
especially compared with a general simple link type piston-crank chain. This becomes advantageous on 
generation of an early flame nucleus, and growth under the conditions that the rate of combustion like 
[ especially at the time of a cold machine ] is slow, as mentioned above. 

[0053] The control characteristic of the compression ratio by the above-mentioned adjustable compression 
ratio device 102 is shown in drawing 9 . In addition, this compression ratio is the geometric compression 
ratio epsilon decided only by volume change of the combustion chamber by the stroke of a piston 58. A final 
real compression ratio is influenced by control of an inhalation-of-air valve-closing time term in this 
invention combined with the good fluctuation valve system 101. That is, in order that substantial 
compression may begin from the time of an inlet valve 12 closing, even if the nominal compression ratio 
epsilon is high, when an inhalation-of-air valve-closing time term becomes earlier than a bottom dead point, 
a real compression ratio will fall. 

[0054] Drawing 10 shows control of the inhalation-of-air valve-closing time term by the good fluctuation 
valve system 101 under a typical service condition. In addition, the point (or field) corresponding to each is 
appended to drawing 9 . while considering as a small actuation angle in ** idling and ** partial load region 
(R/L region) so that it may illustrate — a lift — a central angle ~ the tooth lead angle of phi is carried out. 
Therefore, an inhalation-of-air valve-closing time term also serves as a property fairly earlier than a bottom 
dead point. Thereby, reduction of a large pumping loss can be aimed at. Here, since a real compression ratio 
falls that the nominal compression ratio epsilon is the usual level and combustion gets worse, as shown in 
drawing 9 , the compression ratio epsilon is raised in such a low loading field. 

[0055] ** From the need of raising an inhalation-of-air charging efficiency, control the good fluctuation 
valve system 101 by the acceleration field so that an inhalation-of-air valve-closing time term approaches a 
bottom dead point. Therefore, it is necessary also from from [ when preventing knock generating in 
advance ] to reduce a compression ratio epsilon. At the time of **** output at full gate opening, an 
inhalation-of-air valve-closing time term is carried out near the bottom dead point while fully expanding an 
actuation angle and carrying out an inhalation-of-air valve-opening stage near the top dead center, in order 
to make a charging efficiency into max. Therefore, since it becomes the inclination for a real compression 
ratio to become high, the compression ratio epsilon by the adjustable compression ratio device 102 is 
reduced further. It is especially necessary to bring close to the compression ratio epsilon of the usual level in 
severe ** low-speed full load region of knocking. ** In a high-speed full load region, while expanding an 
actuation angle further, it means that the lag of the central angle shall be carried out and the closed stage 
should have been further late for the bottom dead point, but since combustion finishes at the time of this 
high speed before chemical reactions, such as a peroxide leading to knocking generating, advance, a 
compression ratio epsilon can be raised from a low speed. In addition, since an expansion ratio also becomes 
high by this, an exhaust-gas temperature falls and it becomes advantageous also in that degradation of the 
catalyst prepared in the exhaust air system can be prevented. 

[0056] thus — this example — the actuation angle of an inlet valve 12, and a lift - a central angle and a 
compression ratio are controlled based on the control map prepared beforehand. In addition, as shown in 
drawing 1 , in this example, the knocking sensor 71 which detects knocking generating is formed in the 
cylinder block 50 grade, and a compression ratio epsilon etc. is corrected also by this knocking. Moreover, 
72 is an ignition advance control unit. 
[0057] Next, the control at the time of starting is explained. 

[0058] The timing diagram of drawing 1 1 shows the situation until an engine shifts to self-sustaining 
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through first ** from the cranking initiation by the starter motor in the cold machine condition. In this 
example, since it is common to become Key OFF once it maintains the condition in front of an engine halt 
and usually becomes idling operation as for the compression ratio epsilon, it serves as a setup of a high 
compression ratio in this example. The actuation angle of an inlet valve 12 is also a setup at the time of an 
idling, and is kept the same in the condition near the minimum actuation angle. The tooth lead angle of the 
time of cranking initiation is carried out in front of the bottom dead point, and the inhalation-of-air valve- 
closing time term (IVC) is carrying out the considerable fall of the real compression ratio rather than the 
peak price. For this reason, the so-called decompression-device effectiveness that excessive compression is 
avoided at the time of cranking initiation is acquired, and a cranking rotational frequency rises promptly to a 
predetermined rotational frequency. Since it does not result in first ** even if it will carry out fuel injection 
and will light, if a cranking rotational frequency is too low, priority is given over a real compression ratio to 
the direction which raises a cranking rotational frequency in this way. 

[0059] the place where the cranking rotational frequency became a value more than predetermined — the lift 
of an inlet valve 12 — a central angle — the lag of phi is carried out. In connection with this, an inhalation-of- 
air valve-closing time term, it approaches near the bottom dead point and a real compression ratio rises, 
moreover — although an inhalation-of-air valve-opening stage (IVO) will be late for coincidence from a top 
dead center, if negative pressure progresses in the first half of a charging stroke and an inlet valve 12 begins 
to open by the small lift by this, since a fuel and air will be inhaled at acoustic velocity in a cylinder — 
gaseous mixture — it becomes very advantageous to formation and atomization and evaporation of a fuel are 
promoted. And finally, since such rate-of-flow energy is changed into heat energy, it is effective in raising 
an intake-air temperature. 

[0060] Since it is high from the first, by the rise of a real compression ratio, whenever [ mixed atmospheric 
temperature / of a compression top dead center ], the geometric compression ratio epsilon rises to sufficient 
temperature, and results in first **. In addition, for the combustion maintenance stabilized by even after first 
**, it is desirable to maintain such a high compression ratio condition. 

[0061] Next, after a compression ratio epsilon stops an engine suddenly and leaves it till the next morning 
on the conditions which are not high, as for the timing diagram of drawing 12 , the control at the time of 
starting of a case as cold machine starting was greeted is shown except the idling etc. Although the 
conditions of the first stage in this case are various, the view of fundamental control is the same as the 
example mentioned above. In this example of illustration, since it has a low compression ratio at the time of 
Key ON, in early stages of cranking, it considers as as [ the condition of a low compression ratio ], and the 
rise of a cranking rotational frequency is promoted. And it shifts to a high compression ratio condition in the 
place where the cranking rotational frequency became beyond the predetermined value, coincidence — a lift 
~ a central angle — the lag of phi is carried out and an inhalation-of-air valve-closing time term is brought 
close to a bottom dead point. Thereby, good starting is attained like the example mentioned above, in 
addition, the example of this drawing 12 ~ a lift - a central angle - since the inhalation-of-air valve-action 
angle EA is larger than the example of drawing 1 1 , the thing with few amounts of lags of phi is because 
there are few required amounts of lags when bringing an inhalation-of-air valve-closing time term close to a 
bottom dead point. 

[0062] Drawing 13 is a flow chart which shows a control flow at the time of starting mentioned above. First, 
if cooling water temperature is beyond predetermined temperature (step 2) when an ignition key is set to ON 
(step 1), it will progress to the control at the time of another warming up (step 3). the compression ratio 
[ progress to step 4 and ] epsilon at the time of a cold machine if it is in a cold machine condition, the 
actuation angle EA, and a lift — a central angle — each control map of phi is read. And the condition of the 
actual compression ratio epsilon at that time is distinguished at step 5, if it is in a high compression ratio 
condition, it will progress to henceforth [ step 6 ] and control equivalent to drawing 1 1 will be performed. 
Moreover, if it is in a low compression ratio condition, it will progress to henceforth [ step 1 1 ] and control 
equivalent to drawing 12 will be performed. 

[0063] That is, in the case of a high compression ratio condition, after waiting until a cranking rotational 
frequency reaches a predetermined rotational frequency (step 6), a lift and the actuation angle adjustable 
device 1 are controlled so that the actuation angle EA serves as desired value (steps 7 and 8). coincidence — 
a lift ~ a central angle — the phase adjustable device 2 is controlled so that phi becomes desired value (steps 
9 and 10). 

[0064] after in the case of a low compression ratio condition waiting until a cranking rotational frequency 
reaches a predetermined rotational frequency too (step 1 1), the actuation angle EA serves as desired value — 
as ~ a lift and the actuation angle adjustable device 1 — controlling (steps 12 and 13) — a lift — a central 
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angle — the phase adjustable device 2 is controlled so that phi becomes desired value (steps 14 and 15). The 
compression ratio device 102 is controlled so that control of a compression ratio epsilon is started to 
coincidence and a compression ratio epsilon furthermore serves as desired value at it (steps 16 and 17). 

[Translation done.] 
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CT^^7 b 1 9tf)_h®tC^gih5 J; 5l:^otl/^ B 
[0 0 3 6] -tt£t>h, JOE*Rffi2 4 a 
^/i/EBiLT, U 7 M^O £fc SERB B3 
(C^i-J: jfl^A2 0^I®LT^A®2 4b^ 

[0 0 3 7] 16tt % Bl, 2 ICTF-fX o 

* 3 l lcJ:oTBf3e*l««llrt"ClsH5i-SJ:5 

3 2(-J:oT^J«^tLTV>5o 

[0038] roy 7 h • fP»Aprae»»iw^«rBi 

Wt5t, l^SbtA 1 3&\E\fcTZ>b, ffl'fr**! SCO* 

8^s»tt, y >?utt2 6^trs»^A2 o— e 

it£*x, RIB*^2 o s 0 :^gi^^2 o 

[0039] cct% y ^ h • fmftA»J«ifflttflEr^^ 

3 1 ^ITMttl 6<7>ft^S3EYk"t"5^r. 
n^7-Al8©W4i«jbU l>V^T»iS»* 

[0 0 4 0] A»l 7 #8 3 (A) <D X 0 



#^2 0©|0»ffillt ^(^^^©2 4 b^^-:^ i 
9^6>«ltL5*ffi]^«<. Sot, iiNil 3 0061: 
f|oT^A2 0«ltfcil:, £RaS2 4a**« 
< h 1 9fcg&feL8Stf\ 2 4 b&9+<y h 

10 |SHo*»)ff»At>«/h-t-5. 

[0 0 4 1] 7dS0 3 (B) <D £ ? 

LTT^filL, m«J^^2 0©««2 0 a^ffi 
^A2 0OWiIlt WA®2 4b^5'hl 

9tciEf*<#rtii£«< 0 iot, KSbWhi 3©@IW 

otgB*A2 0«it^ ^hl9t«« 
•f-3SMfcas£R®2 4 a^b^A®2 4 b — iri£^{c^ 

[0 0 4 2] ±fEC0ffi'fr# jU^(5 1 7 <D^fflffi«fctiS«tt 

/h*-B:S^i:^-C#So **** r ©HKSffilTH:, y^h 

[0 0 4 3] ffiti pTSE«« 2fl 12 tC^i" J: 9 

30 35t, rro^^n^rs' h 3 5 4r±IB«flHl*l 3 fctr, 
JBSjJET^^ji— * 3 6 £ N ^P>M^tiT^6 a ± 

i^ii!]bTV>5 0 ±IEffitl»JiBffl»JBEr^^^^— * 3 6 

b<oM»«*fc*<5#, jR 2 »J=E*JIBSP 3 7ldJ:oXfW 
^$nrv>^, 0 coffiffi«nwffi»jsEr^^3.3i— ^ 3 6 
^MWCiot, *7v>ry b 3 5 ir^tbttl 3 

aa««i»c#*wi3WT#s 0 ffitepr«awi2*LTw:, 
[0044] y ^ h • fmA^mum i * bi/c 

tt*pr*»«2©«|fP4:L-Ctt, SSBR^y^h - f^MA 
so CT»l:t-^ww ^«0»"*-S J: 5^brt>Av^ 



(6) 
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[0045] men, ^xmmttmm i o 2 <nm$L*^ 

[0 04 6] ? *7 i/t ft y h 5 1 a»o S**— 

A-gflS 2 £ * t°:/gi5 5 3 £ SrtfS^-C*^ , ->y> 

y$ 5 OO^IfcgfC, v J t-t/^5 2^[HliEg 

PkteZuTV 5 4 3ft«|sHBaaEJc:iB»S*xrv^6. 
[0047] Jitenry 5 4lt S*©2»tfl:» 

[0 0 4 8] »i y >^ tisry^y 5 s«t, T 

hvs 8*cis«iBriBtii»sttTv^ 0 ±ist o ^hv5 

^5 9P^^am®3i-6o ft*3> ±f5v-y ^^5 9 0>±ffl5 
fc, ±ER*#i 2:fcJttfB^*to#*##e«S*LT 

[0049] I3y>^t^53y hP-/Uij y^6 0 20 
tt, ±«Sfflfl^5gj»f ^6 1 ICJ: 9 P7 y >^ 5 4 

Bfl**£>— ffll£ftS->y >y^u ^5 0^T95tdlHlK 

^^«'^LTV^Sfi'il^A*fI5 6 2 a 4r*TU 

#A£J5 6 2 a f-JilS^^ h n — yl^y ^ 6 0 T«S«5j& s Ih] 

[0 0 5 0] Jiia*J»**6 2«\ xyv?y 3 y^n^ 
rr-yh3 3 (|gll#BS) ^P>OfpJ»«#^S<5#, ffi 30 

[oo5i] ±k<oj: 5fc*y v^str* 
^mm^m^tL^mi&itmmi o 2^*5^-0*. ±12 

$J$)ite6 2dSjE*JtWJ»r^^-3.ai— ^ 6 3K£oTH] 

o-/uy 6 O OTSwffil$fifffillis«ftt5p * 
tt, ±15=*^ hn-;l/y >^ 6 0 <Dffim3cfttiLW:&& 
Qtfrzh. t°* 8a>firaas*flsU ll 8 <75 j; 5 40 

f-, fc°:*hV_h*L£ (TDC) fC*3tf5 h>-5 8 CO 
BBEEiBiJtSraE^Sr irdSnTffii:*5o HI 8 fi N SSJBEfflJt 

[0052] ±i5(o«y >*ttXEmttvmi 



ft5 e 

[0 0 5 3] J:ET^JBEJBJt«« 1 0 2 X Z>K.mUc<D 
W»4*tt«rH 9 ft*5, r^EE^itfi, fc°* h ^ 

£ ^i«<Tt, »*#HWJBasT5Ej*.£ f? *>-P< ft5£ 

[0054] b i o ftaw*ii(te*f*T-e<opng» 

0 1 fcJ:5»*#H«pjJ!©flH«i*r*i-. ft*5, 

A?8f« (r/l«) Tli, /jNf^ftft <t fcfcy ^ 

h*^*triSA$^:5o Sot, K^PBWFfflfcTJE 

[0 0 5 5] ©JfflSiTO-ettKJR^SiaifliSraEfeS^K 

«i o i sr*jwi-So ^ofcft. y y ? &$L*^m\z.p5 
ttttei&mxv&itozzk&'zimx-foZo 4*5, ciaxM 

[0056] rcoi^t-, *H16«lTtt. 2 

n^#]^iy^a-5VNTfW»*JxS 0 ft*5, HlK^ 
J V*cl/#±>'-y-7 1 ^)^>y V 9 5 O^tC^tt 
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[0 0 5 7] jB»#<0«HWlCOV^TttWr5. 
[0 0 5 8] [Hi 1 A?-*- Ml ft««ftlfi^*5 

i 2 rofflbfi t>7>r k y :^B»*>«jt-o*> 9 , « 
/hff»#ilc:ifiv^ttlB^«fcixTV^5. R«#n#» (I 
vc) fl ^7V*^^H*6«rf4T5E*t9*wJt#|*ixr 
^•9, *£E«IJttt*iK<l[J:9tt*BS«TL-rv^5. C<£> 

[0059] ? 7^*>ym&m&wr7££k±<Dm\zte^ 
*ffi«Wfcis±#i-5 0 «^m^gi«c#iMi»» (iv 

[0 0 6 0] ftffl^ftttEIBU: £ ttfci fc^Ki^fcafr, 
[0061] mi 2<o*-< a^* — mi r-r k 

5*#^iE»^cofSiJ«i«:^LTV^o ^<DW>&<nV)m 40 



[0 0 6 2] 013IJ, ±35 Ufcfiill*©iW*©ilE*tfc 

h^^O^^J^^^SrSB^tfp tit, x-r^ 

[0 0 6 3] -ttet>*>, ffi£EI8Jfctttt0>»'frri 
^>-^|5](E»3ftSBfSlHl<B»^art-* 0*7^:/ 6) ST* 

««2Sr»J»i-5 (^^^^9, 10) 0 
[0 0 6 4] ffi£EJffi]t«1BO#'frH -^tt 9 * 7 >^r> 

f^»ft"5TS««lS:f6iJWi-S (^7^12, 13) t 

aC«»l2tr«HPi-<5 (xr^H, 15) 0 2^1^ 

EIRlttHli0 2trltl«t$ 0*7*3^1 
6, 17), 

[mi] :^^(^5WJ«l©>>^fA^^ 
m D 

im 3 ] y7h fntA prK«wi«>«ifH»?BB. 

[0 4] y^h ^»Mtti*ia5y7h -fmtt* 

[is] ttffiBr«a*ic j:5^wy 7 h#tta)fir«« 

[me] roj|Jft«fcfe*tS^KlEJBJta«*r«-rjEB5 

m 0 

[18] prXEIBltflWI^IbfmnH. 

[09] ffi«jt*j»«ttfc«-r»ttB. 
[mi o] f**ttftaHE*#-c©^/^y ^ 
-r#^m 0 

tmii] Kj£ffiM:KtR3d^&oA«jeni«^«t««>nf^ 



(8) 
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[mi 3} 




(51) Int. CI. 7 

F 0 2 B 75/04 
75/32 

F 0 2 D 13/02 



15/02 
41/06 



3 2 0 
3 7 0 



F I 

F 0 2 B 75/04 
75/32 
F 0 2 D 13/02 



15/02 
41/06 



B 
G 
H 
J 

C 



3 2 0 
3 7 0 



(72)SS9J# 0^ ftft 
{72)3SW# SF£ 

#*JH*«Srii#*;iiKSBr 2 0i 



(13) #BS2 0 0 2-2 7 6 4 4 6 



F*-A(##) 



3G016 AA06 


AA19 


BA19 


BA30 


BA33 


BA34 


BA36 


BB16 


BB21 


CA06 


CA08 


CA21 


CA25 


CA47 


DA03 


DA04 


DA06 


DA08 


DA22 


DA23 


GA07 










3G018 AB02 


AB05 


AB07 


AB16 


BA02 


BA17 


BA19 


BA32 


CA13 


CA20 


DA04 


DA05 


DA10 


DAI 5 


DA19 


DA70 


EA02 


EA11 


EA17 


EA21 


EA24 


EA26 


EA31 


EA32 


FA01 


FA06 


FA07 


FA16 


FA27 


GA11 


Qrn£4 RA?? 


RA?^ 


CA01 


CA03 


DA09 


EB12 


EC03 


FAOO 


FA11 


FA18 


FA20 


FA27 


FA33 






3G092 AA11 


AA12 


DA01 


DA02 


DA05 


DA08 


DD06 


EA01 


EA02 


EA03 


EA04 


EA11 


EA21 


EC03 


FA31 


GA01 


GA02 


HA05Z HA11Z 



HA13X HA13Z HA14X HC09X 
HDOIZ HE01Z 
3G301 HAOO HA19 JAOO KA02 LA07 
LC03 LC08 NA06 NA07 ND04 
NE01 NE11 NE12 PA07Z 



PA17Z PD11Z PE01Z PE10A 
PEIOZ 



